Abstract-
I. INTRODUCTION
Alternate high-K gate dielectrics are needed to replace conventional SiOl in MOS transistors. Some of the alternative gate materials that have k e n investigated are silicon nitride, and tantalum, hafnium and zirconium oxides. However, the degradation and reliability of high-K dielectrics need to he explored in depth. Jet Vapor Deposited (JVD) Si3N4 has shown promise as an alternate dielectric with improved hot carrier performance as compared to conventional MOSFETs [I]. It has been shown to be resistant to boron penetration [2]. Conventional MOSFETs with ultrathin SiOz gate dielectric have shown increased interface state generation under high-field stressing causing gm and Vth shifts. In MOSFETs, the degradation and hence the charge-to-breakdown Q B D is known to he polarity dependent [3] - [7] . In this paper, we study the polarity dependent reliability of n-channel MNSFETs and compare performance of MNSFETs with MOSFETs under equivalent stress fields.
DEVICES
The devices used in this study are n-channel, n+ poly-Si gate transistors fabricated using an identical CMOS process except the gate deposition process. One set of transistors has Si3Na as the gate dielectric deposited using the JVD process [2] followed by annealing at 800°C for 25 min in Nz (referred to as MNSFETs). The second set of transistors has SiOz grown at 800°C
followed by an in-situ anneal in Nz (referred as MOSFETs). The
MNSFETs have an Equivalent Oxide Thickness (EOT) of 3.lnm and the MOSFETs have a gate oxide thickness of 3.9nm. The transistors have W x L = lox 0.18pm2.
EXPERIMENT
The transistors were subjected to high-field stressing with constant voltage applied to the gate with the source, drain and substrate grounded. The stress was interrupted periodically to monitor the changes in the gate threshold voltage Vlh, transconductance gm and Nil. The values of Vth and gm were obtained from the Id-Vgs characteristics measured at a drain bias of 50 mV. The peak transconductance was calculated from the Id-VgB 0-7803-7722-2/03/$17.00 02003 IEEE.
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data. The charge pumping current was measured by applying a trapezoidal waveform of lMHz frequency to the gate-with a rise and fall time of 25011s. N,, was calculated from the charge pumping current.
IV. RESULTS

A. Prestress characteristics of MNSFETs and MOSFETs
The pre-stress Id-V,., gm-Vga and charge pumping character- Ag,,, which is defined as I(gmoz-gmoz,o)l is shown in Fig. 4 . It is clear that for positive fields, MNSFETs show better performance compared to MOSFET's. Next, we compare the performance of MNSFETs with MOSFETs under negative stress fields equal to -11 and -1ZMVlcm. The change in Nit, A n i t is plotted in Fig. 5 . The change in g, is shown in Fig. 6 . We can see that for negative stress fields, MNSFETs do not always outperform MOSFETs.
C. Polarity dependence ojpost-stress MNSFETs
The stress voltage polarity dependence in MNSFETs is illustrated for effective fields of +lZMV/cm and -12MVkm respec- ng. This 4g, degradation than MOSFETs under positive stressii may be due to the higher bond breaking energy of Si-N bonds.
However, under negative stress 4Nit and AKh shifts are higher than oxides which may be due to the increased hot-bole flux due to the smaller hole barrier height in nitrides (1.9eV as compared to 4.9eV). If an electron arrives with an energy of 3eV, impact ionizes to create a hole with a maximum energy of 3-1.1=1.9eV comparable to the SiNfSi barrier of 1.9eV. Compared to this, hole flux in SiOz/Si would be smaller where barrier height for holes is 4.9eV. nitrides show smaller Nit generation compared to the oxides under identical fields. The transconductance degradation is lower compared to MOSFETs. Also there is no bulk trap generation in MNSFETs and hence threshold voltage shifts are also smaller. We can therefore conclude that the JVD MNSFETs can easily out perform MOSFETs under gate positive condition, that is when the transistor is in inversion. However the degradation of Vth in MNSFETs is larger compared to MOSFETs under negative stress fields, that 'is when-the surface is in accumulati& although transconductance degradation is lower. By controlling the initial bulk trap density, JVD MNSFETs can be expected to outperform MOSFETs.
VI. CONCLUSION
MNSFETs perform better compared to the MOSFET's under positive bias which is important for n-channel devices. We would like to thank Prof. J. C. S. Woo, UCLA for the .p, Ma, Yale university for JVD deposition. samples and
